. After oxidant exposure, cells were stimulated with 20 mM ara- The hydroxyl radical is highly reactive and is believed (17, 18) . (12, 25) . All experiments were performed with primary cultures 96 h after initial seeding. Cultures were examined by phase-contrast microscopy prior to use to verify confluence and culture purity. Cr released into the medium Medium 199 (Ml99) with 20% FBS was eight parts of 9.87 g/liter during this period is designated Count B. The cells were then lysed medium 199 powder plus 2.2 g/liter NaHCO 3 , 10 ml each EBM vitawith 2% Na 2 CO 3 :0.1 N NaOH for 2 h at 37ЊC, followed by a Na 2 CO 3 mins and amino acids, with two parts FBS, then 100,000 U/liter wash, designated Count C. Radioactivity was measured with a penicillin G, 100 mg/liter streptomycin, and 300 mg/liter L-glutagamma counter. Percentage release was determined by the formula mine, pH 7.4. HBSS contained 2.2 mM NaHCO 3 plus 15 mM Hepes, 100% 1 (Count A / Count B)/(Count A / Count B / Count C) pH 7.4. HBSS without calcium and magnesium was used for cell (12, 25) . washes. Radioimmunoassay (RIA) buffer contained per liter 1.56 g K 2 HPO 4 , 0.33 g KH 2 PO 4 , 9 g NaCl, 3.33 g bovine gammaglobulin, 1 g NaN 3 , and 10 g bovine serum albumin (BSA), pH 7.4.
MATERIALS AND METHODS

Reagents
U937
Fe 2/ solutions. To create iron stock solutions, FeSO 4 (4 mM final concentration) was added to 18 MV H 2 O that had been purged with U937 cells were cultured in RPMI with 10% bovine serum, 100,000 U/liter penicillin G, 100 mg/liter streptomycin, and 300 mg/liter Largon for 15 min. This solution was stored sealed under argon until use. Fresh Fe 2/ solution was prepared for each day's experiments. glutamine, pH 7.4. Prior to electron paramagnetic resonance (EPR), cells were centrifuged at 50g, then resuspended in HBSS at the cell In experiments that had no added Fe 2/ , an equal volume of argonpurged H 2 O was added to cells to serve as a control.
concentrations depicted in the text.
EPR
The EPR studies utilized a Bruker ESP-300 EPR spectrometer equipped with a TM cavity and an aqueous flat cell. The instrument conditions were 9.79 GHz with a modulation frequency of 100 kHz; modulation amplitude 1 Gauss; sweep rate 60 Gauss/167 s; time constant 327 ms; and nominal microwave power 40 mW. Potassium trioxalato chromiate (K 3 [Cr(C 2 O 4 ) 3 ]r3H 2 O), used in some of the EPR studies, was synthesized in our lab using the method of Bailor and Jones (27).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bromide (MTT) Assay
Cells were incubated for 2 h at 37ЊC in culture medium containing 0.5 mg/ml MTT. The medium was then removed and the intracellular diformazan precipitate dissolved by 2 ml of acid-isopropanol (0.04 N HCl in 100% isopropanol). The absorption was measured at 540 nm against an acid-isopropanol blank (28, 29).
Glutathione Assay
Total glutathione was extracted by adding 500 ml of ice-cold 0.01 N HCl to cells on 12-well plates, followed by freeze-thawing, scraping with a rubber policeman, and diluting 1:10 (dilution varied as needed) with 0.01 N HCl. Four hundred microliters of the diluted cell material was mixed with 400 ml of DTNB buffer in a 1-ml cuvette at 37ЊC. Four hundred microliters of glutathione reductase buffer at 37ЊC was then added with mixing. One hundred microliters of the resulting solution was added to a 96-well ELISA plate. , in pure water, stock GSH. Samples from each well were measured in triplicate. This was quickly added with continued swirling. Cells were incubated assay measures both glutathione and glutathione disulfide (GSH 15 min at 37ЊC, washed with HBSS, then stimulated with 20 mM plus GSSG). Previous studies show that 99% of the glutathione is in arachidonic acid for 15 min. PGI 2 was measured by RIA for 6-ketothe reduced form (12 species, proved to be technically difficult. As an alternate approach, our previous work had demonstrated that small concentrations of H 2 O 2 would cause measurposed to H 2 O 2 and Fe 2/ for 1 h at 37ЊC. 51 Cr leak was able decreases in intracellular glutathione in endothemeasured at 1, 3, and 6 h. There was no increase in lium (12) . Therefore, glutathione was measured to indi- 51 Cr leak up to 6 h in cells exposed to either buffer, rectly assess intracellular H 2 O 2 . Results in Table I The above studies demonstrate that the intracellular sites are protected from H 2 O 2 by Fe 2/ . However, the cell-derived carbon-centered radical detected by the spin trap POBN (Fig. 4) suggested that noncytolytic injury to the extracellular membrane leaflet was occurring. This implied that injury to membrane-associated extracellular proteins might be detectable. The The rate of HO • reaction with other molecules, such the alteration of the thrombin pathway is prior to prosas cell constituents, is nearly diffusion limited. This taglandin H synthase, and that recovery of the thrommakes direct cellular defense against HO • difficult. bin pathway occurs in 24 h. Therefore, numerous strategies are used by the cell to prevent HO • formation. The strategies include chela-
DISCUSSION
tion of iron to prevent the Fenton reaction (6, 43) and removal of peroxides by cytoplasmic and mitochondrial The findings in this study are important because glutathione peroxidase and peroxisomal catalase (44, they indicate that intracellular injury from extracellu-45). In addition, the cell can increase levels of ferritin lar H 2 O 2 is decreased by extracellular Fe 2/ . As disand antioxidant enzymes following exposure to sublecussed in the introduction, this finding is not intuthal oxidant stress (42, 46) . All of these methods involve itively obvious and is not widely understood. PGH synremoving intracellular peroxides or iron, thereby rethase activity, mitochondrial electron transport, cell moving the substrates needed for HO • and alkoxyl radicalcium, and intracellular glutathione are preserved cal production. In addition to these intracellular dewhen extracellular Fe 
